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Alkaloids have been considered as the final molecular species pro-
duced in plants. During the last decade, it has become increasingly 
evident that alkaloids are not the "end products of metabolism" of 
plants, but may be the precursors of non-alkaloidal substances of 
metabolic significance. 
Weevers (1) showed that ricinine decreased with increasing age of 
castor plants groWll. on nitrogen depleted soil, which was a clear indi-
cation that rieinime could be metabolized by the castor plant. Waller 
and Nakazawa (2) showed that ricinin.e was rapidly utilized by sterile 
castor cotyledons in the dark. 
Recently, Waller et al (3) reported that ricinine could be meta-
bolized to co2 by castor plants after admi:rlistration of r·icinine-8-14c. 
This study indicates, first, that the pyridine ring of ricinine 
was degraded to co2 by the easter plant both i:t:i the dark and i:n the 
light, $econd, that the ricin:ine content of castor leaves :fell from 
a normal value of 6 J.unoles to levels of about 0.005 }.lilloles per gram 
fresh weight as the leaves turned yellow, and third_, that the rate o:r 
metabolism of ricinine i:n the yellow leaf was faster than that in the 




A. Structure and Properties of Ricinine 
Ricinine, c8H8o2N2 (4), an alkaloid found originally in the seeds 
of the castor plant, Ricinus communis .1·. , was first discovered in 1864 
by Tuson (5) and was studied in more detail by Evans (6), Schulze (7), 
Weevers (1), Bogdashevskaya (8), Robinson (9, 10, 11), Marion (12, 13, 
14, 15), and Waller (2, 3, 16, 17, 18, 19, 20, 21). Ricinine is a neu-
tral alkaloid, crystallizes in colorless prisms, is optically inactive, 
melts at 200-201.5°c (corrected) an~ sublimes at 170-180°0 at 20 mm 
pressure (22). Ricinine is slightly soluble in water, ethanol and chlo-
roform. It does not form salts and does not react with the usual alka-
loida.l reagents; however, it does give some color reactions (23). 
The ultraviolet absorption spectrum of rioinine was reported (9) 
to have a maxima at 320 mµ in chloroform, 315 m)l in 95 percent ethanol 
and 307 M)l in water. Infrared and Mass spectra of ricinine have also 
been studied and reported by Manis!! !:l (24) and Waller !1 !:l (25). 
Robinson and Fowell devel.oped a paper chromatographic analysis of 
ricinine (9) and found that it gives a colored product when the paper 
is sprayed with the modified Dragendorf's reagent. The Rf values were 
0.55 for isopropanol-toluene-acetic acid-water, 5:10:1:1 and 0.75 for 
t-butanol-water-acetic acid, 4:2:1. 
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Rioinine is the only oyano-substituted pyridine alkaloid known to 
occur naturally. The. stracture of rioinine (Figure 1) was proved to be 
l,2-dihydro-4-methoxy-l-methyl-2-oxonicotino-nitrile by Spath and 
Koller (26, 27) and co:q.firmed by several chemical syntheses (27 11 28,29)., 
Figure l 
·1,2--dihydro-4-methoxy-l-methyl-2-oxonicotino-nitrile 
B. Occurrence of Ricinine 
Rioinine was shown to be present in all parts of the young castor 
plant at levels of approximately l mg. per gram fresh weight (30). 
·Bottcher (31) reported that the bu,lk of ricinine was located in mature 
castor seeds with 0.15 percent occurring in the seed coat and a.bout 
0.03 per cent in the kernel. 
Weevers (1) found that, during germination in the dark, the rici-
nine nitrogen in 100 seeds increased from 4 to 72 mg. in three weeks, 
which was a clear indication that synthesis had occurred. He also re-
ported that in younger seedlings, the cotyledons contained 5-10 times 
as much ricinine as did the hypocotyls and only traces were found in 
the roots of the castor plant. 
Schulze and Winterstein (32) suggested that etiolated castor seed-
lings produced a higher quantity of ricinine than the normal ones., 
Bogda.shevska.ya (33) studied the formation of ricinine in whole castor 
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plants and found that the a.mount of ricinine increased constantly with 
plant growth, but it declined sharply after 20 days in old plants, and 
increased again slightly after flowering. 
Waller and Nakazawa (2) reported that the ricinine content of 
young castor seedlings grown in sand at 30° using tap water was ob-
served to increase 30 to 50-fold in the 2 to 5-day period following 
planting of the seed. Waller .!!1 ~ (3) have also shown that the rici-
nine production by individual castor plants was increased from a value 
of 0.1 ;µmole in an individual cas-tor seed to levels of about 1.2 nrc11.ole1 
- in 17 week old plants. 
C. Biosynthesis of Ricinine 
The biosynthesis of ricinine in castor plants was first reported 
by Dubeck and Kirkwood (34) with the use of radioisotopes. They found 
that the methyl carbon of methionine serves as a precursor of the 0-
and N-methyl groups in ricinine. Leete and Leitz (35) and Waller and 
Henderson (16) showed that the pyridine ring of nicotinic acid and 
nicotinamide becomes the_ o{.-pyridone ring of ricinine, the carboxyl 
carbon of nicotinic acid and the oarboxam:Lde carbon of ni.cotinamide 
becomes _the ni trile carbon atom of ricinine. Yang et al (17, 36) indi-- -
cated that succin.ate and glycerol are the primary building units for 
the pyridine ring and nitrUe carbon atoms of ricinine, and 1a 2.1Y£ 
experimen.ts with young castor plants have established that quinolinic 
acid can serve as a more efficient precursor of ricinine than niooti-
nic acid. 
Waller !1 ~ (20) have recently reported that the pyridine moi-
eties of the pyridine nucleotides, nicotinic acid mononucleotide, 
nicotinic acid adenine dinucleotide, and nicotinamide adenine dinucleo-
5 
tide, were shown to be incorporated into ricinine by castor plants with 
an efficiency comparable to that of nicotinic acid, nicotinamide (16), 
and quinolinic acid (36) (li'igure 2). 
D. Metabolism of Ricinine 
Bogdashevskaya (8) showed that ricinine content was reduced in 
leaves which were shaded from the light, while the upper unshaded 
leaves of such plants produced supernormal levels of ricinine. Waller 
and Na.kazawa (21) reported that ricinine was most rapidly metabolized 
by excised cotyledons in the dark, 9o% being utilized after 48 hours. 
However, no change in ricinine content was observed when nicotinic acid 
was present in the medium. They found that ricinine-8-14c was metabo-
lized in a cell-free system but the products were not identified. 
Tso and Jeffrey (37) have studied the fate of nitrogen-15 labeled 
tobacco alkaloids in N. glauca and rustica and found that there was ex-
tensive metabolic breakdown of the radioactive alkaloids. Fairbairn 
~ !:!. (38, 39, 40) showed that the major alkaloids of Conium maculaturn 
and Papaver somniferum, coniine and morphine, respectively disappeared 
rapidly soon after formation. 
Waller~!:!. (3) reported that ricinine-H3 and ricinine-8-14c can 
be metabolized by castor plants. The extent of deg.radatio:n. of the 





I/' Phosphoribosyl pyrophosphate 
C021 Nicotinic acid 
~COOH mononucleotide 
~ .. ) ?. 
~N~t O CH2-0-b~o· 
H H H ""-... O COOH OCOOH UCOOH -- I OH OH " 
N .,,., Nicolinic I 
1 • N Acid Nf e Pi 
CH3 t + ~CH2 -o-~-o-~-O-CH2 
NH4 0 OH 0 
H H H H -
. OHOH HHHH 
N - m ethyln1colinom1de N1colinomide / 
OH OH 
O CONH2 0 CONH2 . 0. CONH :3:2 N - I """ : I ""::: 2 N' I 'c 
N+ N I N O O ~N N/ 
bH3 "-.. / .... / ~o~H2-o+o-~-o-c,H2 I 
. ~ · H~ 0. OH 
i OH OH V0'\ 
! H't--,IH 







Nicotinic acid adenine 
dinucleolide 
NAO 
Figure 2. The py:ridine nuoleotide·cycle and proposed biosynthetic 
pa.thwa.y.:for rioinine (20). 
CHAPTER I I I 
EXPERIMENTAL 1'lETHODS 
A. Conditions for Growing Castor Plants 
The first group of plants used in this study were grown on port 
clay loam soil at the Agronomy Farm of Oklahoma State University in 
Perkins. Seeds of the Cimarron variety were planted on April 19, 1966. 
These plants were used for the estimation of ricinine production, the 
biodegradation of ricinine, the isolation and determination of 'radio-
active ricinine studied. 
A second and third group of castor plants were grown in soil i n 
the Plant Growth Chamber* in the Biochemistry Department. The Plant 
Growth Chamber conditions were: 15 hours in light at 90! 2°F and 9 hours 
in dark at 80! 2°F. These plants were used for the determination of 
ricinine formation and the biodegradation of ricinine. 
B. Labeled Compounds Used 
Ricinine-3,5-14c was synthesized on a micro scale from sodium cy-
anoaceta.te-2-14c, 
0
accordin.g to the procedure of Yang.!.!~ (41). The 
purity was .checked by ascending chromatography on Whatman No. 1 paper 
in three different solvent systems and its radioactivity on the paper 
was located using a. Nuclear-Chicago 4ff Actigraph III paper strip counter. 
*Mod.el POW-60 Plant Growth Chamber, Percival Refrigeration and 
MFG. Co., Boone, Iowa. 
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The Rf values of ~he ricinine-3,5-14c were 0.75 in 85% isopropanol, 
0.89 in 6<>% n-prQpanol and 0.85 in 95% ethanol-1 M ammonium acetate, 
7:3 v/v, pH 5.0. It had a speoifio activity of 360)10/mmole. As de-
termined by paper chromatography with 85% isopropanol, the ricinine is 
sometimes contaminated with traces of ricininc acid (0.5%). 
Quinolinio acid-2,3,7,8-14c was synthesized by condensing glycerol 
and aniline-u-14c (18). It had a specific activity of 50.7 po/mmole. 
C. Ad.ministration of Labeled Compounds 
The method of injection used for the first group of plants was 
developed by Waller (30). A 22 gauge hypodermic needle was inserted 
at the top of the internode of a castor plant to serve as a vent. An 
aqueous solution of the labeled compound was injeo·ted at the bottom of 
the internode. The solution -wae completely absorbed within a few min-
utes after injection. The administration technique used for the second 
and the third group of plants were usually made with a. micro syringe 
in the upper part of t~e ste~ and the desired amount of labeled com-
pound was injected. _Uptake of 50Jtl of solution was usually completed 
in fifteen minutes. 
D. Harves"b and Storage of Plant ;materials 
Most' castor plants were harvested and precessed immediately. A 
few were placed in pozysthylene bags and stored at -l8°c untn pro-
ce1;1sed. 
E. Measurement of Ra.dioaoti vi.ty 
All mea.suremeniB of :radioactivity in this stuccy- were made either 
by direct counting of the compounds in a Liquid Scintillation 
9 
a b 
Spectrometer ' or by using a Nuclear-Chicago 4 7t Actigraph III 
paper strip counter, which had an efficiency of approximately 25% for 
carbon-14. The scintillation solvent was composed of 58.75% toluene, 
39.25% absolute ethanol and 2'/o water. The phospher was 0.5% 2,5-di-
phenyloxazole ( PPO ) and 0.02% p-bis-2-(5-phenyloxazolyl) benzene (PO-
POP). This ~tem--had an efficiency o·r about 38% for carbon-14 com-
pounds in instrument e. and 64% in instrument b • For the determination 
of the 14co2 activity, ethanolarnine-ethylene glycol monomethyl ether 
,, 
(methylcellosolve), 1:2 v/v waa used to trap the 14co2 it evolved, and 
methylcellosolve-toluene (sulfur free), 1:2 v/v which contained 5.5 
grams of PPO per liter was used for scintillation cocktail. Tne ratio 
of ethanolamine-methylcellosolve-toluene were made of 1:7:10 (42). 
F. Isolation of Ricinine 
Roots were removed from the harvested plants, weighed, frozen with 
liquid nitrogen, ground to a fine powder with a mortar and pestle, and 
extracted five times with chloroform using~ weight ratio of chloro-
form to fresh plant of 3:1. The chloroform solution was washed with 
a ratio of 5:1 of 7.4 N ammonium hydroxide, then evaporated to dryness 
on a steam hot-plate. Lipids and pigments were removed from the resi-
due by treatment with ethyl ether. The residue remaining after ex-
traction was dissolved in hot water and transferred into a sublimater 
and dried in an oven at 110°c overnight. The residue was sublimed at 
0 ' about 170 c, 20 mm Hg pressure for 1.5 to 2 hours. Ricinine on the 
a Model 314 E Tri-Carb, Packard Instrument Co, Inc., La Grange, 
Illinois. 
b Model 3314/3950 Tri-Carb, Packard Instrument Co, Inc. 1 La 
Grange, Illinois. 
10 
cold finger of the sublimater was dissolved in hot water and trans-
0 ferred to a vial, and dried in an oven at 110 C. Purification was 
achieved by repeated sublimation. The melting poi nt of ricinine puri-
0 fied as above was usually 201 C. 
G. Measurement of Respiratory 14co2 From Castor Plant 
Carbon-14 labeled ricinine or quinolinic acid were administered 
to a young castor plant by injection into the stem. The plant was im-
mediately placed in a closed chamber. The entering air was passed 
through with lN NaOH so that carbon dioxide-free air was present in 
the chamber. The outlet of the chamber was connected by glass tubing 
joined by small sections of rubber tubing to a series of four test 
tubes (150 X 15 mm) as shown in Figure 3. The first tube was cooled 
to -78°c, and was used for trapping the volatile compounds. The second 
and third tubes each contained 10 ml of ethanolamine in methylcello-
solve, 1:2 v/v, and were used for collecting the respiratory co2• The 
final tube contained 10 ml of saturated barium hydroxide, which was 
used as an indicator; the lack of precipitation in the saturated bari-
um hydroxide indicated that all the carbon dioxide was quantitatively 
trapped by the e.thanolamine in methylcellosol ve. 
H. Determination of Radioactivity of the Degradation Products Formed 
in Castor Plants From Ricinine-3,5-14c 
1. Paper Chromatography 
The harvested plants were frozen with liquid nitrogen, ground to 
a fine powder with a mortar and pestle, and were extracted five times 
with 10 times the weight of the sample in 95% ethanol at 40°c. The 
plant extracts were centrifuged, the supernatants combined and evapo-


















Figure 3. Respiratory Appa.ra.tus 
NaOH (lN) 
'Respiratory Chamber 
Absorption Trap(# 1) 
Absorption Trap(# 2): 
Absorption Trap(# 3): 
Absorption Trap (# 4): 
10 ml Etha.nolamine-methylcellosolve 
10 ml Etha.nolamine-methylcellosolve 
10 ml Saturated barium hydroxide 
..... .... 
tion (100pl) was spotted on Whatman No. 1 paper strips, and ascending 
paper chromatography was carried out in five different solvent systems: 
85% isopropanol, 6o% n-propanol, n-butanol-acetic acid-water (4: 1: 1) , 
n-butanol saturated with 3% ammonium hydroxide and 95% ethanol-IM am-
monium acetate (7:3 v/v), pH 5.0. After developi ng and dryi ng, the 
radioacti vity on the chromatograms was locat ed with a Nuclear-Chicago 
47t. Actigraph III paper strip counter. Alternatively, the paper strips 
were cut into 1 to 2 cm pieces, placed in a counting vial with 10 ml 
of scintillation solvent, and counted by Liquid Scintillation Spec-
trometry. 
2. By electrophoresis 
An aliquot of plant extracts prepared in part H-1, 100 pl, was 
placed on Whatman No. 1 paper strips, 20 cm from one end. One end of 
the paper was dipped in the buffer (pyridine-acetic acid-water, 50:50: 
1900 v/v, pH 4,8. The excess buffer was removed by blotting between 
two sheets of filter paper. This procedure was repeated to wet the 
paper on the other end. The paper strip was placed in the electro-
phoresis tank in the proper position, and a voltage of 2500 volts 
through a distance of about 40 cm for 60 minutes was applied. The 
paper was removed from the tank, dried, and the radioactivity de-
termined using the counter. 
3. DEAE-sephadex G-25 column chromatography 
A two milliliter aliquot, prepared as described in part H-1, was 
applied to a DEAE-sephadex G-25 column (0.7 X 12 cm). A linear gradi-
ent was set up of Oto 0.4 M NH4Hco3• The flow rate was 1 ml/min •• 
Fractions of 1 ml each were collected, and 0.05 ml aliquots wer e 
counted in a liquid scintillation spectrometer. 
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4. Ion exchange column chromatography 
Two milliliters of plant extract were put on a Dowex l (8% cross-
link:ed) colum:p. (1.5 X 32 cm). The column was elu.ted with deionized 
distilled water, followed by ammonium fo~mate buffer, pH 4.0 of in= 
creasing molarity, 0.05M to 0.5M. The flow rate was about 1 ml/min.o 
Fractions of 10 ml were collected, and 0.2 ml aliquots were counted in 
a liquid scintillation spectrometer. Aliquots of each 10 ml fraction 
were assayed for absorbancy at 340 m;u to 200 ~ using the Beckqian DB 
Spectrophotometer. The fractions which had the same ultraviolet ab-
sorption peak were combined and evaporated under vacuum to l ml. One-
tenth ml o:f this solution was spotted on a 4 cm Whatman No. l paper 
strip and ascending chromatography was carried out in 85% isopropanol 
and 60% n-propanol. The radioactivity on the chromatograms was lo-
cated with a Nuclear-Chicago 4Jt A.ctigraph :m paper strip counter. 
CHAPTER IV 
RESULTS AND DISCUSSION 
A. Biodegradation of Ricinine in Ricinus communis L. 
The results of a time course study of administration of ricinine-
3,5-14c to a series of castor plants are shown in Table I. Equal 
amounts of radioactivity (155 mµ.c) were injected into each plant at 
six weeks of' age. The whole plants (except the root) were used for the 
isolation of ricinine. Time intervals selected fer harvest ranged from 
zero time to six months. One menth following injection of ricinine-3, 
14 · 5- C, flowers and immature seeds began to appear ( a normal development 
since it also was observed for the control plants); therefore the 
plants were divided into leaf, flower and seed for subsequent rioinine 
isolation. The zero time sample was harvested immediately after in-
jecting the ricinine-3,5-14c and 9o% of the radioactivity was recovered 
in the ricinine samp],e. The lo% less might be due to experimental er-
ror or.ricinine bound to protein or carbohydrate. Fifty-two percent 
of the administered ricinine-3,5-140 was recovered durini the first 24 
hours of the experiment and only 21% of the radioactivity remained af-
ter one month. 
As shown in Table I, the formation of ricinine in~reased approxi-
mately two-fold during the one month period following administration 
of rioini:ne-3,5-14c. However, the isotope dilution for the isolated 
ricinine increased from a value of 229 in the zero time sample to.a 
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TABLE I 
RECOVERY OF RICININE-3,5-14c FROM WHOLE FIELD GROWN CASTOR PLANTS 
Plant No. Duration Total Activity Fresh Weight Ricinine Isolated Recovery Isotope 
of Exp. Injected of plant Dilution 
mpc gm mg . mmole mg per gm Total Activity Specific % Fresh wt. Recovered Activity 
nyi.c D?1c/mole 
P-1 0 hours 155 13.4 14.63 0.09 1.09. 139.5 1570 90.3 229 
~-2 1 n 155 14.85 17.50 0.11 1.18 122.0 1150 78.8 313 
P-3 2 n 155 17.4 17.16 0.11 0.98 96.0 914 62.0 395 
P-4 4 n 155 18.1 16.4 0.10 0.91 81.8 818 52.7 440 
P-5 24 " 155 17.4 18.8 0.12 1.08 80.4 100· 51.9 514 
P-6 1 week 155 61.0 23.5 0.14 0.39 66.0 461 42.5 780 
P-7 1 month 155 82.5 33.8 0.21 0.41 33.1 160 21.5 2250 
P-8* 16 weeks 155 
Leaf 6.2 7.0 0.043 1.13 0.18 4,3 -- 8.35 X 104 
Flower 6.5 3.1 0.019 0.48 0.11 5.3 -- 6.8 X 104 
Seed 6.8 3.2 0.02 0.47 0.24 12 -- 3.0 X 104 
P-9* 20 weeks 155 
Leaf 4.3 4.1 0.025 0.95 0.07 2.8 -- 12.8 X 104 
Flower 4.2 2.3 0.014 0.55 0.024 l. 7 -~ 21.2 X 104 
Seed 4.1 2.0 0.012 0.49 0.14 11,5 - 31.2 X 104 
P-10* 24 weeks 155 
Leaf 3.6 2.9 0.018 0.80 0.006 0.3 -- 120 X 104 
Flower 3.4 1.5 0.09 0.44 0.001 0.1 -- 360. X 104 




* Does not represent total weight and is only a representative sample. 
l6 
value Qf 2250 in the one month sample, a ten-fold increase. This 8-
fold difference between net rioinine synthesis and dilution of the ad-
ministered rioinine-3,5-140 clearly indicates that metabolism has oc-
curred and is in good agreement with the loss of 7g/o of the rioinine-
3,5-14c administered during the same time period. 
Due to the large size of the plants, one month following rioi= 
nine-3,5, 14c administration (10 weeks actual age) it was more conveni-
ent to use only representative tissue samples for rioinine analysis. 
In Table I it is shown that the speoifie activity of ricinine in the 
seed is much greater than that in the leaf and flower. This result 
indicated that rioinine could be translooated from the lower part of 
the ,stem and leaf to the seed. From the high isotope dilution of rioi-
nine obtained in this experiment it is strongly evident that rioinine 
was: (a) metabolized by the castor plant (1,2,3) and (b) translooated 
to a site where the alkaloid concentration is highest. The rioinine-
3,5-140 was degraded to the extent of a.bout 90% during a metabolism 
period of 24 weeks. 
B. !n~ Conversion of Rioinine-3,5-140 to 14co2 by the Castor 
Plant 
1. Dark .Conditions 
To obtain a better understanding of the breakdown of rioinine-
14 · 14 3,5- C in the castor plant, the CO2 released by a plant that had 
been injected with the alkaloid was collected and analyzed. The per-
cent of radioactivity released ~s 14co2 was :found to be a linear func-
tion of time (Figure 4). About 5.5% of the a.dministere.d ricinine-3,5-
14 . 14 C was evolved as respiratory co2 during the 168 hours of duration 
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Figure 4. .comparison of 14co2 Released by Castor Plants 1 
in the dark After Injection of Quinolinic Acid-2,3,7,8- 4c 
d R. · · 3 5 14c · an 1c1n1ne-, - • 
These plants were grown in the Plant Growth Chamber. They 
were three weeks old when the labeled compounds were injec-
ted. Quinolinic acid-2,3,7,B-14c, 1.86 µmoles with a spe-
cific activity of 50.7 µc/mM was dissolved in 20 µl of dis-
tilled water and injected into a single plant. Ricinine-
3,5~14c, 0.56 µmoles with a specific activity of 360 µc/mM 
was dissolved in 200 )ll of distilled water and injected in-
to a different single plant. After the labeled compound 
was injected into a castor plant, the plant was immediately 
placed in a dark closed Bell jar. Carbon dioxi.de-free air 
was passed through the Bell jar and the respiratory CO2 
was trapped in etha.nolamine-methyloellosolve solution. 
•: ricinine".".'3,5-14c; +: Quinolinic aoid-2,3,7,8-14c. 
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quinolinic acid-2,3,7,8-14c to 14co2 was also observed up to 42 hours, 
after which time no further increase was observed. A total of 12% of 
the radioactivity from quinolinic acid-2,3,7,8-14c was released as res-
piratory 14co2 during a period of 96 hours. This result suggest~d that 
degradation, of the pyridine ring of rioinine might be expected to pro-
ceed through some of the same intermediates as in the degradation of 
quinolinic acid. A difference is that the ricinine molecule might be 
much more stable than quinolinic acid, because of its functional group& 
2. Light Conditions 
To establish that ricinine could be metabolized under the normal 
conditions, an experiment was conducted by maintaining the plant under 
average day (16 hours) and night (8 hours) conditions. The results are 
shown in Figure 5. The increase of respiratory 14co2 was nearly linear 
with respect to experiment duration. A tetal of 6.6% radioactivity 
was recovered in 14co2 during the period of 156 hours. It is suggested 
that ricinine metabolism by the castor plant under normal conditions 
was relatively close to its metabolism in the dark. The percent of ac-
tivity released as 14co2 in the dark was higher than that in the light 
during the first 3 days, after which time a higher recovery of respira-
14 tory CO2 in the light was observed. This might indicate that placing 
the plant in the dark promotes oatabolism; thus the rate of rioinine 
metabolism in the castor plant was faster during the first 3 days that 
the plant was kept in the dark. However, after a longer time in the 
dark, photosynthesis had stopped, and the plant had reach abnormal 
physiological conditions, so that the rate of metabolism became slower. 
Based on this information it is clearly indicated that rioinine is not 
an "end product of metabolism" and that the pyridine ring of ricinine 
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Figure 5. _ Time Course Study of 14co2 Released by Castor 
Plant in th~ light after Injection of-Ricinine~3,5-14c. 
This plant was growh at the Perkins Agronomy Fa.rm. Rici-
nine-3,5-14c, o.8 ,µmoles with a specific activity of 360 
p.c/mM a.nd dissolve4 in 200 )11 of distilled water was injec-
ted into a plant which was immediately plac~d in a closed 
system. Conditions a.re the same as described in Figure 4 
exoept for 16 .hrs. in normal laboratory light (day time) 
and 8 hrs. in dark (night)~ 
2G 
wa.s degraded to CO2 by a series of slow reactions. 
3. Isolation and Identification of Intermediates Formed in Castor 
Plants from Rioinine-3,5-14c. 
Two ml of plant extract prepared in pa.rt H-1. were applied to a 
Dowex l-f'ormate column (1 .. 5 X 32 cm) ; the oolwrm. was eluted with 
water, followed by ammonium formate buffer, pH 4.0. The results are 
shown in Figure 6. Fractions 4-5, 7-9, ·and 32-38 contained radioactivi-
ty and.also contained material which had an ultraviolet absorption at . ' 
260 lll}l• A total of 0.4%, 0.2%, 0.43%, 35.5% and 0.85% of the fed radio-
activity was found in fraction 4-5, 6, 7-9, 32-38, and 60-70 respective-
ly. In an attempt to understand more about the compounds present in 
these yario~s fractions, each fraction was ass~ed for absorbancy at 
340 ~ to 200 ll1}1 using the Beckman DB Spectrophotometer. The results 
a.re presented in Figure 7. The ultraviolet absorption spectrum of 
fraction 4-5 was shown to have a maxima at 265 mp. in water, it decolor-
ized neutral potassium permanganate solution, and saturated bromine 
water instantly, showed a broad absorption band in the infrared spec-
trum (KBr pellet) at 2.7 to 3.7 p., 5.8 to 6.5p., 7.1 to 7.4p, and 8.7 
to 10.l Jl. and no molecular ion was observed in its mass spectrum; how-
ever, ions of relatively high intensity were found at m/e = 144, 126, 
105, 101, 85, 73, 72, 61, 60, 55, 46 and 17. Based on this information 
it is suggested that the unknown compound from fraction 4-5 contains a 
conjugated double bond and that it m~ be a carbo:x:ylic acid bound to a 
sugar. Fraction 32-38 gave a maxima ultraviolet absorption at 307 ~ 
and 255 11¥1 which permitted its positive identification as ricinine. The 
intermediates in the other fractions were not studied. 
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Figure 6. Column Chromatography of the Intermediates on a Dowex 1-formate Column, 
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Figure 7.· Ultraviolet Spectra. of Selected Fractions 
from Dowe:x: ... 1-t'ormate Colwnn Chromatography. 
Column ohromatog.raphy in traction 4-5, ; fraction 
6, -·•-••..;.; fraction 7-9,•••••: in water, fraction 
32-38, - - - ~ -: in Ammonium formate buffer, 0.1-
0.2 M. . 
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C. Content of Ricinirle in the Castor,.Pla.nt 
l. Young Castor Plants Which Were Grown in the Plant Growth 
Chamber 
23 
As shown in Figure 8, the ricinine content of young castor plants 
increased with the development of the pla.nt from a value of 12 pmoles 
per plant in 6 days old to a value 51 µmoles per plant in 3 weeks plants. 
After this time, it remained relatively constant. Based on the rici-
nine content per gram fresh weight it is seen that the 2 weeks old 
plant was highest in its content of ricinine, after which time it fell 
rapidly. 
2. From Field Grown Castor Plants 
The ricinine content of castor plants which were grown in the 
field was different than those grown in the Plant Growth Chamber. Fig-
ure 9 shows that the ricinine content in the whole plant increased with 
development of the plant, but on the basis of alkaloid per gram fresh 
weight it decreased with time. This might be interpreted to indicate 
that the plant growth and ricinine formation are not mutually dependent 
on each other. After 16 weeks development the plant was divided into 
green leaf, flower, seed and yellow leaf for ricinine isolation. In 
Figure 9 it can be seen that the green leaf contained the highest a-
mount of ricinine per gram fresh weight; the flower and the seed are 
next to the green leaf with both fractions containing almost the same 
amount of ricinine per gram fresh weight. In the yellow leaf the ri-
cinine content was very low; approximately O to 0.005 )mlOles per gram 
fresh weight was observed. The ratio of ricinine in green leaves to 















8 20 ·a 









2 4 6 8. 10 
.Time, Weeks 
Figure 8. Rici.nine Formation by Young Castor Plants. 
These plants were grown in the Plant Growth Chamber •. 
The whole plant (without root) was used for the iso-
lation of ricinine. Each point obtained represented 
· an average obtained from using .2 plants. • , . ricinine 
content, µmoles per plant. A , ricinine . content,. · 
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Figure 9. Ricinine Content of the Castor Plant.· 
The variation in analyses are indicated by a vertical line. 0-total ricinine, J.UIIOles per 
plant; •-total ricinine, _µmoles per gram fresh weight; O-ricinine in green leaves~ pmoles 
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D. Metabolism of Rieinine ill Yellow teat of a Castor.Plant 
It was shown by the previous experiment that the rieinine eonte-
nt in the yellow lea.twas at a negligible level. 'l'.Q.i1 suggested that 
the yello,r leaf might play n important role in the :metabolism or in 
the transportation ot rieinine. In Table 11 it is shown that a total 
14 · · 
ot 12.2'1, ot radioactivity (rie1n1ne-3,5- C recovered plus G.5'1, that 
remained in solution) was reQovered as riei:n.1ne duri:ng the 45 hours 
experiment duration. a another experimem.t, 10.54'1, ot ra.dioaetivity 
14 
(rieinine-3,5- C recovered plus 10'1, that remained in solution) was 
recovered at the e•d ot the 56 hours; however, o:m.ly a. small a.mount ot 
14 d respiratory co2 wa.1 recovered. A total ot 13.3~ ot activity was 
recovered in. the water soluble tra.etion in the tirst experime1tt and 
16.4'1, ot activity was tound in the second experiment. More e~perimeats 
are necessary to verity these preliminary results. It suggested that 
(a) the rate ot metabolism ot ricinine in the yellow leaf was taster 
than that in the whole castor pla.n.t and (b) the alkaloid ricinine 
might be completely metabolized to non-alkaloid.al substances or tra.ns-
located to the other tissues before the leaf turned yellow ~d subse-
que:atly tell :trom the living plant. 
TABLE II 
TIME COURSE STUDY OF 14002 RELEASED FROM YELLOW LEAF OF 
A CA~'l'OR PLANT IN A RIOININE-3,5-140 SOLUTION 
Experiment Experiment 14 R' ' . -3 5 14c CO Recovered 1e1n1.ne-, -2 No. Duration Recovered 
Hours 
mµ.o % ·mg. rrplO % 
l* 21 0.15 0.16 
45 0.21 0.24 0.16 10.5 11. 7 
2** 4 0.04 0.04 
25 0.18 0.16 
56 0.37 0.32 0.03 0.56 0.54 
27 
* 90 ~o Rioinine-3,5-140 was dissolved in 0.5 ml of water. The 
test tube was rinsed three times with 0.5 ml water. 99.5% of the 
administered radioactivity was taken up by the leaf. 
** 114 Dl}lO Ricinine-3,5-14c was dissolved in 0.5 ml of water. The 
.test tube was rinsed three times with 0.5 ml water. 9o% of the 







Rioinine-3,5-14c was used to study the metabolism of ricinine in 
Rioinus oommunis L •• 
In a time course study, rioinine-3,5- 14c was administered to a 
series of castor plants and the radioactivity recovered in the rioinine 
samples showed a decrease with an increase in time. It was observed 
that ricinine was metabolized by the castor plant and translocated to 
the seed where the alkaloid conoentratio~ was highest. 
The ,!!! ~ conversion of rioinine-3, 5-14c to respiratory 14co2 by 
castor plants both. in the dark and in the light showed that the py:ri-
dine ring of rioinine was completely degraded. 
It was also found that the rioinine content in each ~issue differs; 
in tht> yellow leaf there was only a negligible amount of ricinine 
found. By using rioinine-3,5-14c, preliminary results indicated that 
the rate. of metabolism of rioinine in the yellow leaf was faster than 
that in the whole castor plant. 
Based on the results observed in this st.udy, it is concl.uded that 
the alkaloid rioinine is metabolically active and. that it is degraded 
to co2 by cleavage of the pyridine ring. The•intermediate compounds 
involved in its metabolism are not known • 
. · 28 
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